lyzed with previous analytical method. This paper reports the monitoring results with the analyses of the trends of concentrations of the four surfactants from June of 1998 to March of 2007, and discusses the risks to the aquatic environment posed by the surfactants.
METHODS

1
River surface water samples were collected from following seven sites along four rivers in the urban area in Tokyo and Osaka. The alphabet in parenthesis denotes the category of water area of each site under the environmental quality standards for water pollution: Tamagawa River: Hamura weir (Category "A"), Tama Sampling sites were selected considering the following points: 1) to locate in upstream or middle stream in the typical urban rivers into which household wastewater flows; and 2) to include the drinking water intake points and the water area of the category A, B, or C under the environmental quality standards for water pollution (i.e., the water area where fishery is included as the purpose of water-utilization). Category AA areas are excluded as the water quality of areas AA has been assessed by authorities to prove good water quality. Denenchofu-weir in the Tamagawa River was category C when the monitoring program started in 1998, and was redesignated from C to B in 2001.
Considering seasonal change in water quality accompanied by the change of water flow and water temperature, the samplings are conducted four times a year, namely, in March, June, September and December. Water samplings just after rainfall, which may significantly affect water flow, were avoided.
Sampling of river surface water and the analyses of LAS, AE, DADMAC and common water quality parameters were conducted by Chemicals Evaluation and Research Institute, Japan. Analyses of AO were conducted by Environmental Control Center Co., Ltd.
2.2.1 Surfactants
Four surfactants are selected for monitoring and evaluating of the environmental risks: linear alkylbenzene sulfonate (LAS) which is an anionic surfactant, polyoxyethylene alkyl ether (AE) which is a nonionic surfactant, alkyldimethylamine oxide (AO) which is an amphoteric surfactant, and dialkyl dimethylammonium chloride (DAD-MAC) which is a cationic surfactant. 
RESULTS AND DISCUSSION
1
shows the profile of common water quality parameters by sampling point to outline the water quality characteristics of each site. Geometric means of BOD for the sampling sites ranged from less than 1 mg/L to 4.3 mg/L. Considering the current situation that BOD of about 80% of sampling sites of the water quality survey by Ministry of Environment in Japan is less than 2 mg/L 10) , the sampling sites of the current monitoring program were considered appropriate for comprehending the profile of Japan water quality.
shows the profile of measured values for surfactant concentrations and BOD throughout the monitoring period, and summarizes the concentrations for each year.
shows the concentration distribution by surfactant throughout the monitoring period and shows the each year's geometric means of surfactant concentrations.
It was found that about 72% of LAS measured values was less than 10 mg/L; 76% of AE measured values was less than 1 mg/L; 94% of AO measured values was less than 0.1 mg/L; and 79% of DADMAC measured values was less than 1 mg/L (See ). In the sampling sites, the sources of public water supply (Hamura weir in the Tamagawa River, Kanamachi Intake Point in the Edogawa River and Hirakata-ohashi in the Yodogawa River) were lower concentrations and low frequency of detection.
As to surfactant concentration trend over years, LAS, AE and DADMAC showed the continued decrease in concentration, while clear trend cannot be found for AO because majority of AO analytical results were below detection limits (See and ). PRTR data show that the amounts of LAS and AE released to the public water area and transferred to sewerage systems are at similar level, and those of AO are nearly one-tenth of LAS or AE. Amounts of LAS discharged in the period from 2001 
Geo. mean <1 <1 . Decreasing trend found in LAS's discharge would be one of the reasons for the concentration decrease in river water. Considering that the amounts of LAS and AE released and transferred are very similar every year, the surfactant concentration decrease can be the result of the improved dissemination rate of the sewerage treatment systems. Nationwide average of wastewater treatment coverage rate (public sewerage and combined household wastewater treatment facility) was about 82% in March 2007 12) , compared to about 62% in March 1999. It is considered that the variation of the coverage rate in our survey areas follows a similar trend to the nationwide average. These findings suggest that higher coverage of wastewater treatment facilities including sewerages contributed to the decrease of the environmental concentration of surfactants.
2
illustrates the yearly changes of surfactant concentrations by season in Jisui-bashi-bridge in the Arakawa River and Kanamachi Intake Point in the Edogawa River. Concentrations are relatively high in December and March, and lower in June and September. Similarly with the trend in , concentrations of the surfactants show decreasing tendency. Normally, September has higher river water flow and March and December have lower water temperature. Based on the reported data from the surveys of water quality in Tokyo metropolitan public water area, the average river flow by month at Denenchofu-weir of the Tamagawa River for five years (from April of 2001 to March of 2006) were 25.1 m 3 /sec, 40.2 m 3 /sec, 27.0 m 3 /sec, and 15.0 m 3 /sec for June, September , December, and March, respectively, i.e., highest in September and lowest in March 13) . Assuming that consumption volume of household detergent is constant, dilution rate is highest in September and lowest in March. It is estimated that difference of dilution rate in June and December is small. Average water temperatures by month from the surveys were 21.7, 23.4, 9.6 and 9.3 degrees centigrade in June, September, December, and March, respectively. Because seasonal changes in removal rate of surfactants and BOD at sewage treatment is generally considered small, it is suggested that reduced surfactant concentrations found in June and September are due largely to biodegradation rate of surfactants in environmental water because of the seasonal change in water temperature.
3
Several risk assessment projects reported predicted noeffect concentration (PNEC) for surfactants; 250 mg/L, 110 mg/L, 18 mg/L and 94 mg/L for LAS (C11.6), AE (C13.3EO8. 2) 14) , AO (C12.9) 15) and DADMAC 16) , respectively. Based on the data from the past one year (from June of 2006 to March of 2007), mean alkyl chain length of LAS detected in the monitoring was 11.4, and mean alkyl and EO chain lengths of AE were 13.2 and 8.3 (C13.2EO8.3), respectively. AO with alkyl chain lengths other than C12 was detected in only 2 out of 28 monitoring samples. Mean alkyl chain length of AO by sampling site ranged from11.9 to 12.2. The average alkyl chain length and EO chain length of AE detected in the current monitoring program was about equal to those of the risk assessment where the above PNEC was determined. LAS and AO detected in the monitoring program had smaller alkyl chain length compared to those of the risk assessment where the above PNECs were determined. Therefore, it is considered appropriate to apply previously reported PNEC values to our risk assessment because of the similarities in structure of the surfactants. In the water areas of the monitoring program, concentrations of all of the four surfactants are lower than the PNECs, i.e., not in the levels that may cause adverse effects to aquatic organisms.
It is generally considered that surfactant concentrations in river water are depending on volume or characteristics of waste water flowing into the river, and are basically relate to the degree of pollution. While the number of sampling sites and frequency of monitoring are limited, analysis of the data from the monitoring program together with other available information could give general understanding on the correlation between surfactant concentration and water pollution level. River water quality surveys have been conducted nationwide and the biochemical oxygen demand (BOD) information from the survey is publicly available 17) . An analysis of the surfactant concentrations of
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No. of sample 216 216 140 39 216
the current monitoring and the BODs from the water quality surveys showed high correlation between the surfactant concentrations and BODs 18, 19) , suggesting that BODs can be used as index to predict the surfactant concentrations, and that the concentrations of surfactants in water areas having no monitoring data can also be extrapolated. This analysis reported that, in the water area where water use includes fisheries (BOD < 5 mg/L), risks of causing adverse effects to aquatic organisms are considered low in either case of assuming a surfactant exists alone or assuming four surfactants co-exist based on the estimated 95th percentile concentrations of the surfactants. The results of monitoring confirmed that, maximum DADMAC at both sites monitored (Denenchofu-weir in the Tamagawa River and Hirakata-ohashi bridge in the Yodogawa River) during latest four years is 0.3 mg/L and geometric means are found to have been kept low level, near detection limit. It is indicating that DADMAC risk on aquatic organisms is low too.
The current monitoring data and analysis suggested that
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